Objectives: This study aimed to compare the effects of the 1 st port placement at two different levels below umbilicus during the total extraperitoneal (TEP) laparoscopic repair of inguinal hernia and to check the hypothesis that shorter effective rectus sheath canal would facilitate the TEP procedure. Methods: Eighteen adult males underwent TEP repair for uncomplicated primary inguinal hernia in one year. First (optical) port was placed 1 cm and 2.5 cm below the umblicus in the two groups (I and II, respectively). Effective rectus sheath canal (ERSC) was measured. Primary outcome measures (endoscopic vision, ease of the procedure and operating time) were compared between the two groups. Results: ERSC (mean ± SD) was found 3.24 ± 0.41 and 2.08 ± 0.27 cm in group I (n = 7) and group II (n = 11), respectively (P < 0.05). Endoscopic vision was found significantly better in group II compared to group I; visual analogue score (VAS) 8.82 ± 0.41 vs 4.57 ± 0.45, respectively (P < 0.05). Procedure was found significantly easier in group II compared to group I (VAS 8.91 ± 0.44 vs 5.5 ± 0.65; P < 0.05). Operating time was found significantly lower in group II compared to group I (1.83 ± 0.3 vs 2.71 ± 0.42 h; P < 0.05). Conclusions: Shorter effective rectus sheath canal of ≤ 2 cm greatly facilitates the TEP hernioplasty in terms of endoscopic vision, ease of the procedure and operating time, and is highly recommended, especially for the beginners.
INTRODUCTION
Total extraperitoneal (TEP) repair for inguinal hernia is gaining popularity based on the proven advantages of the laparoscopic approach but it is a technically demanding procedure with a recognized learning curve [1] . However, the cause of difficulty often encountered during the procedure is not obvious to the operator and usually attributed to the surgeon's inexperience. Technical details of the 1 st port placement seem to be critical to the author. To the best of the author's knowledge, no objective analysis of correlation between 1 st port placement and arcuate line (AL) of Douglas, the inferior edge of the tendinous posterior rectus sheath [2] is reported in the Anglo-Saxon literature. It was, therefore, planned to check the hypothesis that shorter length of the rectus sheath canal (distance between the 1 st port and the AL) would facilitate the TEP procedure.
MATERIALS AND METHODS
Study was designed and conducted from June 2011 to June 2012 in the Department of Surgery, J. N. Medical College, AMU, Aligarh, UP, India, after obtaining Ethics Committee Clearance. Adult males > 18 years of age with ASA grade I & II who had uncomplicated primary inguinal hernia were included in the study after written informed consent and pre-anaesthetic clearance of fitness for general anaesthesia. Patients with age < 18 years, co-morbid disease (ASA grade > II), complicated or recurrent hernia and refusal for laparoscopic approach were excluded from the study.
Primary outcome measures included the endoscopic vision measured on visual analogue score (VAS) of 1-10, the ease of the procedure (measured on VAS of 1-10), the operating time (hours) and the conversion to trans-abdominal pre-peritoneal (TAP)/open surgery. Secondary outcome measures included infection, seroma, hematoma, hospital stay, recurrence and patient satisfaction of the post-operative recovery.
Surgical technique
Under general/spinal anaesthesia, patient was kept supine with ~10º head down and a 2.5 cm long incision (vertical/transverse) was made at 1 cm (group I) or 2.5 cm (froup II) below the inferior margin of the umbilicus (Fig.1) . In a few patients only, initial dissection was done with an indigenous balloon. In majority of cases, 1 st port of 11 mm was directly put in and the air-seal was obtained by a silk stitch over a gauze piece between the port and incision. Air insufflations at pressure of 12 mmHg was started and initial dissection was carried out by the to-and-fro movements of the 10 mm 0º telescope till the sign of light house (pubic tubercle) was seen. Then two 5 mm working ports were placed under direct vision after needle confirmation either both in the midline (one placed 2 cm above the symphysis pubis and other placed midway between 1 st & 2 nd ports) or one midline (midway between 1 st port & symphysis pubis) and one lateral (midway on the spino-umbilical line joining anterior superior iliac spine (ASIS) to the umbilicus).
Definitive dissection was done with a combination of sharp and blunt technique from midline to the ASIS. A mesh size of 13 cm horizontal x 12 cm vertical with a cut at lower medial corner was rolled halfway with 2 stitches and inserted through 11 mm port and fixed with a single stitch at the pectineal ligament with 2-0 prolene in most cases. Then the mesh was spread on to the anterior abdominal wall with the help of Maryland dissector and cautery hook. Deflation was done under vision with the mesh pressed to the anterior abdominal wall with the dissector till the last moment to avoid inrolling of the mesh.
A P value of < 0.05 was considered as significant, and the statistical computations were done through an online calculator (GraphPad, La Jolla, CA, USA) using Fisher's exact test for non-numerical data and Student's t-test for numerical data.
RESULTS
TEP mesh hernioplasty was done in a total of 18 patients with uncomplicated primary inguinal hernia. All patients were males and the overall mean age of the patients was 45.7 ± 17.1 years (range 19-72 years). There were 16 unilateral (right 10; left 6) and 2 bilateral hernias but only the side first operated was considered for analysis in the present study.
Group I (1 st port at 1 cm below umbilicus) and group II (1 st port at 2.5 cm below umbilicus) were comparable with respect to the demographic data of age, sex and side of hernia (Tables 1 and 2 ). The two groups were also comparable in terms of the technical aspects of incision lie, initial dissection, working ports, rent in peritoneum and mesh fixation ( Table 2 ). There was no conversion to TAP or open surgery in either of the two groups. The inferior limit of the posterior rectus sheath, i.e. the AL, was clearly identified during the TEP procedure (Fig.2) and was marked on the skin surface after transillumination with the scope and needle confirmation. Mean ERSC was measured 3.2 ± 0.4 and 2.1 ± 0.3 cm in the groups I and II, respectively, and the difference was found statistically significant (Table 3) . Primary outcome measures of endoscopic vision, ease of the procedure and operating time were found significantly better in group II compared to the group I (Table 3 ). Secondary outcome measures of infection, seroma/hematoma, hospital stay, follow up and recurrence were statistically comparable between the two groups except for the patient satisfaction of the post-operative recovery which was significantly much better in group II than in group I (Tables 4 and 5 ). There was no conversion to open hernioplasty in any patient in either of the two groups.
With longer ERSC (group I), the surgeon found marked difficulty in doing the surgical dissection due to the poor vision (both clarity and field of vision) associated with the increased depth, and inability of the assistant secondary to the limited side-to-side scope movements due to wider fulcrum, i.e. the longer canal, to show the peripheral parts of the surgical field, where the main dissection was being carried out to create the space. Hence, the surgeon's demand of more and more peripheral vision from the assistant could not be met satisfactorily, thereby leading to not only difficult/little dissection but also increased risk of complications, especially bleeding and rent in the peritoneum. With shorter ERSC (group II), difficulty in dissection was markedly decreased, i.e. ease of the procedure was significantly increased (Table 3) . 
DISCUSSION
Gross anatomy studies describe the rectus sheath extensively but very little information is available with respect to the arcuate line (AL) of Douglas and the characteristics of the rectus sheath canal, especially the retro-muscular part [3] . The author did not find any study on web search, relating the characteristics of the rectus sheath canal to the TEP procedure.
Rectus canal is rigid and narrow, grasping rather clasping over the port and telescope, and makes a wide fulcrum, limiting the up-down and side-to-side movements of the scope. In other words, longer ERSC makes a wider fulcrum, leading to more limitations of the scope movement and field of the endoscopic vision (Fig.3) . Keeping the ERSC at ≤ 2 cm proved satisfactory in terms of the overall endoscopic vision and the ease of the procedure (including the avoidance of sword-fighting of the working instruments) as well as the mean operating time in the present study. However, a problem lies in the level of the AL which is reported to vary from half way to 1/4 th down the umblicus to the symphysis pubis [2] [3] [4] . Due to this reason, the lower placement of the 1 st port at 2.5 cm below the umbilicus does not guarantee the ERSC of ≤ 2 cm as was seen in three of our patients in group II (ERSC 2.3, 2.4 and 2.5 cm exactly) with significant limitations. Blindly going down further may significantly compromise the working especially due to the phenomenon of sword-fighting of the instruments and needs to be balanced against the real benefits of the shorter ERSC. Pre-operative surface marking of the AL by high definition ultrasonography (HD-USG) may guide the optimal siting of the incision for the 1 st port. The author tried this technique in the last 2 cases and was successful to keep the ERSC at < 2 cm (1.7 and 1.8 exactly) with satisfactory execution of the TEP. However, limitations of the HD-USG include its availability and need of an interested radiologist. The author feels that the present observations need to be validated by a larger study.
To conclude, the hypothesis that shorter length of the effective rectus sheath canal (distance between the 1 st port and the AL) would facilitate TEP procedure is proved in the present study. ERSC of ≤ 2 cm is satisfactory in terms of the endoscopic vision, the ease of the procedure, the operating time and the patient satisfaction of the postoperative recovery. First port placement at 2.5 cm below the inferior margin of the umbilicus is recommended, especially for the beginners. Pre-operative surface marking of the AL is suggested, if facility and expertise is available.
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